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Very recently van Wüllen has presented a theoretical analysis of different approaches for the calculation of NMR chemical shifts based on density functional theory ͑DFT͒. 1 He presented a lucid comparison of various approaches to the gauge problem and the role of the current density in current-density functional theory.
The paper contains one point concerning our recently developed sum-over-states density functional perturbation theory ͑SOS-DFPT͒ approach 2,3 which should be clarified and put into proper context, because our method and code are currently in wide use.
Van Wüllen correctly pointed out that ͓considering the case of a common gauge origin for all occupied molecular orbitals ͑MOs͔͒ our SOS-DFPT approach is not gauge invariant, even in the limit of a complete basis. This is clearly true because, in our approach, we changed the expression for the paramagnetic contribution to the shielding tensor p while keeping the expression for the diamagnetic contribution d unmodified. Since only the sum of these two terms is gauge invariant, the final expression in our approach is gauge dependent, even in the limit of a complete basis set. Approaches such as the coupled Hartree-Fock ͑CHF͒ and uncoupled DFT ͑UDFT͒ methods are free of such a fault, in the limit of a complete basis set.
However, in practical calculations of chemical shifts one always has to use a finite basis set and therefore the CHF and UDFT approaches have the same fault-they, too, are not gauge invariant ͑here we restrict our attention to calculations with a common gauge origin͒. Indeed, this is the reason that different approaches to avoid this problem have been introduced ͑see discussion in Ref. 1, for example͒. In order to judge whether the shortcoming pointed out by van Wüllen is primarily formal in nature or whether a significantly worse practical dependence of the results on the choice of gauge origin in comparison with the UDFT method might exist, we have performed calculations of the shielding constant for the F 2 molecule with both UDFT and SOS-DFPT approaches using different common gauge origins and the IGLO-III basis set. 2, 4 The results of these calculations are presented in Table I .
At first sight, the conclusion is a bit surprising: SOS-DFPT is roughly twice as stable with respect to movement of the gauge origin as UDFT! However, this is easy to rationalize, remembering that the SOS-DFPT approach with the LOC1 approximation 2,3 leads to more shielded results by decreasing the ͑absolute͒ value of p . Since p is the major source of total error and gauge dependence in the calculations, the SOS-DFPT approach improves the results by decreasing this term and, along with it, the corresponding gauge dependence. For F 2 this improvement is about 40-50 ppm and that results in decreasing the gauge dependence of SOS-DFPT compared with UDFT. We have not always found that SOS-DFPT is more stable than the UDFT approach ͑judging by the results for other systems͒. For example, results for HNSN Ϫ1 are given in Table II , which should be self-explanatory. However, the general conclusion is essentially the same: SOS-DFPT improves results in comparison with UDFT and this improvement normally is much bigger than the difference in gauge dependence between these two methods, when practical basis sets are used. 
Up to this point, the discussion has been restricted to calculations using a common gauge origin. However, the IGLO choice of gauge origins is used throughout SOS-DFPT calculations ͑and recommended for users of the deMon-NMR program͒. Since, in practice, the IGLO choice of gauge origins removes the gauge dependence of NMR chemical shifts, the shortcoming of SOS-DFPT pointed out by van Wüllen has significance only from the theoretical point of view.
As a consequence, the SOS-DFPT approach with the IGLO choice of gauge origins 2, 3 leads to superior results in comparison with the uncoupled DFT approach ͑with the same or equivalent choice of gauge origins͒ with essentially the same computational effort, providing results almost as good as MP2 for 13 C chemical shifts in systems with relatively small correlation effects 5 and significantly more reliable for systems with strong correlation. 3, 6 SOS-DFPT is at present a widely tested method suitable for calculation of large systems including biosystems and transition-metal complexes. 
